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Eudiaptomus vulgaris Schmeil is the most abundant copepod in Lake 
Maggiore and forms also, in respect to other entomostraca, the most important 
element, through its average biomass and because it is fairly numerous 
throughout the year. 
Plankton samples collected in a systematic and quantitative way, 
as one will describe shortly, gave here the opportunity to study some 
aspects of the dynamics of the population of this copepod, in safety in 
view of the uncertainty which in this kind of study can ensue when samples 
are taken only at a single station - in consequence of the changes in size 
of population between different water masses. 
The material upon which this research is based was collected in the 
course of 14 cruises made during one year on Lake Maggiore (Tonolli, V., 
1960 and 1961). During each cruise, plankton was collected at 12 stations, 
roughly equidistant and situated on the long axis of the lake (Fig. 1). 
About collecting methods, it will suffice to record here that the collec-
tions were made with plankton-samplers (Clarke and Bumpus) placed in the 
water open with the boat in uniform motion at the sampling station. The 
samplers were allowed to descend to a depth of 50 m and then raised to the 
surface, keeping to the constant speed of the winch. One obtained thus 
quantitative collections of about 4000 litres of water, representing equally 
each strata between the surface and 50 m. 
On account of the size of the lake, it was impossible to sample all 
twelve stations on the same day: generally stations 1-7 were sampled one 
day and stations 8-12 on the following. Care was taken to make the 
collections in the middle of the day (10 a.m. - 2 p.m.) to avoid disturbance 
associated with the vertical migrations, which, on the other hand, one ought 
to consider for in Lake Maggiore it generally lies within the first 50 m. 
Dates of collection are shown successively in the text with a roman numeral. 
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The individual components of the population of Eudiaptomus vulgaris 
(adult males, adult females with or without eggs, copepodid stages, nauplii, 
eggs) are always given in no/m3 from between the surface and 50m from a 
column of 200 cm2 base area and 50m depth. 
The analysis of the material included biometrical evaluation of adult 
females. From each of the 168 plankton samples available (12 stations and 
14 dates) 50 adult were taken out, and measured for two characters (see 
Fig. 2): a) the shortest distance from the lateral projection of the 
articulation between the 1st and 2nd segments of the cephalothorax to the 
most prominent of the cephalic convexity and b) the total length of the 1st 
antenna from its insertion to the cephalothorax to the end of the last 
segment. The measurements were made on a highly magnified projection of 
each example with the use for measuring the antenna, of a "eurvimetro". 
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In much of what follows, it is deemed necessary to group in two 
series each of six stations (stations 1-6 northern group and 7-12 southern 
section of the lake) the furnished values of the collected material at each 
station. This is done for the following reasons. In Lago Maggiore, it 
has been established (Tonolli 1960) that the isothermal levels have a 
tendency to be arranged obliquely with maximum superficialness at the north 
end and sinking at the south. This leads to diverse aquatic regions 
especially at the extremities with the consequence of a lack of synchronisa-
tion of the same biological phenomena or the possibility that the same or 
other biological phenomena come about in different thermal conditions; 
which, in the case of copepods can bring about differences in size and 
structure of populations. 
The two arms of Lago Maggiore, in which are found respectively 
stations 1-6 and 7-12, are sufficiently isolated from each other through 
the character and direction of the dominant winds to have different thermal 
structures. On the other hand, none of the twelve stations has maintained 
or changed the structure of its planktonic biocoenosis in accordance with 
particular pre-existing situations, coming thus to fall short of the 
premise of an individuality of stations and leading indeed to the frequent 
recognition of a grouping of the aspects of the succession of biocoenoses 
between each of the two basins. 
The results of the biometrical observations are tabulated (see Tables 
1 and 2) according to size-groups while Table 3 gives the mean measures of 
two characters at different seasons. 
The seasonal changes are also this time in accord with what one knows 
of the argument: the larger dimensions are reached by the individuals 
which have completed their development in coldish water, assuming a rough 
inverse correlation between temperature and body-size. It may be noted 
that in stations 7-12, (the more southern have slightly higher temperatures) 
the dimensions, especially of the cephalothorax are rather higher than those 
of the contemporaneous individuals of the northern stations. This with 
difficulty one can attribute to the effect of a passive transport owing 
to the predominant current in the lake from north to south and thence 
towards the outflow, because, in the summer time, the biometrical values 
for the southern population are always larger. Hence it is probable that 
the somatic dimensions, bound up principally with the nutrient temperature, 
depend also on other factors, e.g. on the availability of food. 
One can see also how the maximum length of the first antenna precedes 
in time that of the cephalothorax and how, while the series of biometrical 
values of the cephalothorax are arranged in an orderly way, the antenna in 
the month of January shows a considerable reduction in both the groups of 
stations, which is not in accord with the observations either preceding or 
following. The phenomenon is represented schematically in Fig. 3 which 
shows jointly the biometrical modifications of the entire population of the 
lake (all the 12 stations) and the mean temperature variations in the water 
strata from which the samples of Eudiaptomus vulgaris were collected, namely 
from the surface to 50 m. 
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If we examine in greater detail, in Fig. 4 and 5, the biometrical 
modifications of the two characters, present in the individuals collected in 
each of the twelve stations we are able to obtain some additional informa-
tion. The general picture of the graphs for each of the two characters 
is similar enough in all the stations. The major irregularity one sees 
in the antenna for the data from January (I) when in most of the stations 
(3, 4, 5, 6, 7, 9 and 10) the inflection in reduction is clearly more 
pronounced than in the stations 1, 2, 8, 11 and 12. These last are 
situated in the terminal inlets of the lake where the depths are less than 
in the main part of the lake always shallower than 300 m, the stations 1, 2, 
8, 11 and 12 have in fact depths respectively of 90, 200, 100, 120 and 70 m. 
At the end of January, the process of homogenising of the temperature 
is already pushed from the surface to considerable depths and hence there is 
nothing to stop water from the deep reaching the surface as a result of wind 
action. 
It is noted that many zooplankton populations, through having the 
largest numbers in the superficial strata, if they migrate into deeper 
water become more or less isolated from the greater part of the popula-
tion, as we have had occasion to see in Eudiaptomus vulgaris, always in 
Lago Maggiore, carried out by collections horizontal to great depths by 
day and by night. It is possible perhaps to think that the strong and 
inconsistent modifications of the biometrical values observed in January 
depend on the mixture, which the convective currents of the water bring 
about in this season, between individuals more or less confined to 
different levels and which hence develop under different nutrient conditions. 
That the biggest amplitude of the phenomenon is observed in the 
deeper stations can be simply credited to the greater availability along 
the water column of deep individuals which can easily reach the surface by 
active migration in half an hour in homogeneous water. 
In Fig. 6 are given the percentage figures between the lengths of 
the antenna and those of the 1st segment of the cephalothorax for the bulk 
of the populations collected during the entire year at the twelve stations 
in the lake. 
The general arrangement of the distribution of the points is that of 
a sinusoid, from which one can affirm that in the large individuals of 
winter the antenna assumes a proportionately greater development than in 
the summer individuals of more modest dimensions. In January one sees 
how the position of the points have values like they have in October, as 
with the absolute dimension, above all the cephalothorax but also the 
autumn increased at that season. 
Referring to the values of density with which females of Eudiaptomus 
vulgaris populate the water column at different stations and seasons, the 
relative distribution in size groups of the length of the 1st segment of 
the cephalothorax (Table l) it has been possible to construct the diagram, 
as in Fig. 7 which shows, this time as means of the whole lake, the 
variations of the biometrical structure within the modifications of the 
dimensions of the population in the different seasons. One can see with 
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good evidence that the annual cycle of the different size-groups have the 
values of a true and accurate seasonal succession. The convergence of 
more lines in certain particular seasons (e.g. in XII, V, VII and VIII) shows 
clearly the disappearance of preceding classes and representing also in 
considerable measure the arrival of new classes. There is good agreement 
between the classes present and their relative importance at the end of the 
annual cycle (IXa and IXb). 
Applying this procedure, both for the measurement of the cephalothorax 
as well as the antenna and keeping distinct the regions just cited, the 
observations made at the stations 1-6 and 7-12, one can define for each date 
the biometric structure in the two water masses of Lago Maggiore: in other 
words, the absolute frequency in the population of the different biometrical 
orders. The comparison between such frequencies for one date compared with 
the next allows one to establish how many were the copepodids which in that 
interval of time have reached the adult stage (in as much as one has 
determined a numerical increase in the biometrical groupings of appendages, 
or absolutely as much as individuals of the same size were not pre-existing) 
and obviously, for different reasons, how many adults at each census were 
lost and how many survived. This method is in agreement with the fact that 
increase in size stops on attainment of the adult state. This method is 
analogous to that, used at one time, for studying the phenomenon of dynamics 
of a population in the populations (determination of age, weight, length) and 
will be able to permit significant research in each species of copepod 
living in environments where there is evidence of a seasonal cycle in 
temperature. At all events they will be obliged to be chosen with attention 
to those characters (biometrical markings) which give greater assurance of 
consistent seasonal modifications. 
In the case in question, we have been fortunate in coming across 
two characters which present a certain allometry in their modifications 
(see Fig. 6), which results especially in a more exact appreciation of the 
value of recruitment of neoadults. Naturally, if one had examined a number 
of characters greater than two, the precision would be increased, in as 
many as lead to additional information, especially if the correlation was 
not much higher. 
Also as regards natural mortality, it is possible to criticise the 
validity of these measures in the sense that one might have obtained a 
value less than the actual: mortality occurring in the biometrical classes 
in which one has determined an increase, mortality of neoadults having 
occurred before their census, both deficiencies which may concern classes 
of long ago and which presumably do not involve intolerable errors. 
The results of this working out are expressed graphically in Fig. 8 
and 9, respectively for the situations found in the portions of the lake 
where are the stations 1-6 and 7-12. The graphs are divided into three 
sections. At the extreme right, we have the diagrams, in reduced scale, 
of the density in m3 of the population of Eudiaptomus vulgaris subdivided 
into individual adults (males and females) copepodids and nauplii. The 
section in the centre and left have a common line of origin and they show 
on one side the variations in the time of the death of the female adults 
in a m3 of water and on the other that of the density of the population in a 
11 
12 
/3 
m3, composed of the individuals surviving at the census immediately 
preceding and of the individuals (neoadults) which have reached maturity 
within the same period of time. 
From such figures one can follow how the increments in the density 
of population come about, how on the other hand it is logical to expect 
always considerable numbers of neoadults. Whilst the curves of mortality 
and survival show similar configurations in the two groups of stations, if 
still perhaps some slowing down in stations 1-6, the number of neoadults in 
the month of April (IV) is much greater in the southern than in the northern 
part of the lake. 
However, the complete results of the demographic analysis are much 
closer for the two parts of the lake. In the group of the stations 1-6 we 
have collectively, during the whole year, the recruitment to the population 
of 3315 female neoadults in each m3 of water between the surface and 50 m 
depth of water: the number of deaths is 3532 and the mean density 634-6. 
For the stations 7-12, such values are respectively 3313, 3571 and 612.4. 
The larger number of losses (deaths)compared with gains (recruits) is 
explicable by the lower density of population which there is in the whole 
lake in the month of recapitulation of the annual cycle. 
Dividing the totals of neoadults by the mean density, we are able 
to obtain a figure which, although an average, could be expressed as the 
number of times in which the population is renewed in the course of one 
year: 5*22 (stations 1-6) and 5*4l (stations 7-12). 
It is easy to see that these theoretical values in reality naturally 
are more modest, in as much as the greater number of neoadults occur at 
the times of greatest population density. If on a graph (Fig. 10) which 
shows the variation of population density, we superimpose the additive 
series of the numbers of neoadults living contemporaneously we obtain some 
points of intersection which give the temporal value required for the total 
renewal of the individuals constituting the preceding population. The 
values thus obtained show clearly the dependence also of this aspect of the 
biological cycle of the population of Eudiaptomus vulgaris on the thermal 
conditions at different seasons. 
For the southern stations we have in a period of 313 days only three 
renewals and for the northern stations, four in a period only slightly 
longer (320 days), which is in accordance with what has been observed by 
Ravera (1954) about the number of generations in the year. One can 
perhaps think that as we have seen the complete values of neoadults are 
not detached for the two parts of the lake, one ought to take into account 
for the southern stations, a passive migration set up by the out-flowing 
current, of mature individuals from the north and which, as indicated by 
lateness in biological time, have greater probability of being identified 
as survivors. 
If we accept the hypothesis that the last moult, from the copepodid V 
to the adult and the mortality operating on the adult population and regularly 
distributed phenomenon in the period of time between censuses, we can try 
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to assign mean ages to the individuals which make up the population in 
each month, in the following way 
where t0 is the date of the census in question, t-1 and t-11 the dates of 
the two census immediately preceding. 
Multiplying these mean ages by the numbers of E. vulgaris females present 
on any date as neoadults and as survivors, and dividing successively by the 
totals of the females we obtain values that indicate the number of days 
which the average individual has already spent in its adult stage of life 
and which in turn gives some idea of the youthfulness or maturity of the 
population. 
If one tries (Table 4) to see how this character of the population 
is tied up with other biological variables, such as the % freq. of ovigerous 
females, mean no. of eggs/ , the sex ratio, one finds reproductive activity 
a little more intense in the southern stations, but on the whole, the mean 
values are very similar. There does not seem to be a correlation between 
the values of mean age and the other characters of the population which are 
able to have a significance as evidence of reproductive effort. Probably 
some results in this sense could have been reached if the female population 
had been examined in this respect not as a whole but separately as the adult 
survivors and the neoadults. 
We have not collected data on the renewal of the male population but 
the seasonal modifications of the sex ratios which is consistent in its 
unfolding within the same group of stations, here leads one to think that 
larger differences do not exist in this sense in respect to the female 
population, also the biological period appears to be in some occasions 
notably out of phase between the two groups of stations: one sees, e.g. 
the situation in June (VI) when in the stations 1-6 there were available 
for 3 males , 2 females w h i l e at the stations from 7-12 for 3 males one had 4 females 
It appears, in each case, possible to state that in the column of 
water of 1 dmq in area, present between the surface and 50 m depth of water, 
there are coming to maturity on average, during the year, 3000 adults of 
Eudiaptomus vulgaris, cumulatively for both the sexes. 
Using the method of calculation proposed by Elster (1954) and taking 
again that by Eichorn (1957) and also Edmondson, Comster and Anderson (in 
press), it has been possible to estimate egg-production. The calculation 
is based on the number of eggs present in a given space at the temperature 
of the strata in which the phenomenon occurs (and thus at the rate of 
development of the egg at that temperature) and finally in the time which 
separates two successive observations. 
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For the Eudiaptomus gracilis of Lake Maggiore we have used the 
reciprocal (rate of development) of the values of time required for the 
hatching of the egg calculated by Elster for Eudiaptomus gracilis in Lake 
Constance at different temperatures. D. gracilis is shaped much as 
D. vulgaris and Lake Constance is not remarkably different in its thermal 
regime from that in Lake Maggiore. The adoption of that constant is 
therefore justified. 
The temperature at which is effected the opening of the eggs in 
different seasons has been taken as the mean in the first 15 m of water 
between successive dates. Thus one is limited to that depth of water 
because in effect it is aggregated the vast majority of ovigerous of 
E. vulgaris. On the other hand, the extension of the level to 20 m depth 
which seems truly the maximum allowable results in a diminution of the 
estimated values of only about 5%. 
The calculations thus made (Table 5) gives the result that one has 
an annual production of 11.142 eggs per m3 of water between the surface and 
50 m depth. This value, expressed, as one is done in the case of the 
adults, for a column of water 1 dm in area gives 5.571 eggs produced during 
the year which signifies that only 54% of the eggs complete their development 
to form adults the remaining 46% being eliminated before the fulfilment of 
their biological cycle. 
The biometrical study of suitably chosen characters (Fig. 2) has 
shown the ex is tence of definite seasonal modifications within an adult 
SUMMARY female population of the pelagic copepod Eudiaptomus vulgaris Schmeii 
(Tables 1 and 2, F i g s . 4 and 5). 
It has been poss ib le to distinguish at each census individuals 
which have reached maturity at an earlier period from those which have 
become mature more recently, by noting the number of s t ructures biome-
trically ident ical at preceding dates . 
Diagrams have been constructed (F igs . 8 and 9) which show the 
variat ions during an annual cycle in the introduction into the population 
of new adul ts , in the survival and in mortality of adul ts already present 
at a previous c e n s u s . 
On the ba s i s of these data, the times required at different periods 
of the year for a complete renewal of the population have been calculat-
ed, together with the mean age of the individuals const i tu t ing the adult 
population at each period (Fig . 10, Table 4). 
The resu l t s obtained for the twelve s ta t ions studied in the Lago 
Maggiore lead the conclusion that, on the average, during an annual cycle 
six individuals of Eudiaptomus vulgaris (both s exes included) reach ma-
turity in each litre of water between the surface and a depth of 50 metres. 
It was a l so poss ib le to calculate the eggs production which averag-
ed 1 1 , 1 4 / l / y e a r ins ide the same layer. It is then poss ib le to s ta te that 
about one half of the larvae, between the egg and the fifth Copepodite, 
dies before reaching maturity. 
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